
D etonation in Light Aircraft
Yes it’s true, the topic of pre-ignition and 

detonation has been previously written about 
in grueling detail. However, almost every article published on the subject broaches 
the topic with the assumption that we are all flying either a Continental or Lycoming 
powered aircraft.  In this new era of the light sport aircraft is time to revisit the topic 
with a slightly different slant. And in particular, because the majority of the aircraft in 
the light sport an ultralight aircraft categories are powered by Rotax engines, we will 
skew the topic towards the Rotax two and four stroke engines. There are two signif-
icant differences that generate the necessity for this new discussion. First of all, the 
Rotax engines do not employ an in-flight adjustable mixture control. And secondly, by 
regulation, the light sport aircraft are not allowed to incorporate an in-flight adjustable 
propeller. Both of these items can have a significant impact on the topic at hand.

To begin with, we need to start off with some basic theory on what takes place 
inside the combustion chamber of a typical cylinder during the combustion process. 
And because we are interested in theory primarily, we will stay away from very spe-
cific numbers so that we may span a very large cross-section of different engines. 
Normal engine combustion begins with a spark across the electrodes of the spark 
plug igniting the fuel/air mixture and forming a small “kernel” of flame. This flame front 
grows outward from this original kernel propagating across the combustion cham-
ber. Ideally, the flame front surface area grows out smoothly, but at an exponential 
rate increasing the amount of pressure within the combustion chamber until all the 
fuel is consumed. By precisely timing the beginning of the spark event at a specific 
distance before top dead center, we can control the location (crank angle) where the 
engine develops its peak pressure.  And as a result, provide a nice smooth push on 
the piston throughout the power stroke optimizing the conversion of cylinder pres-
sure into crankshaft torque. (Figure: 1) Shows a typical pressure distribution within 
the combustion chamber of a normal four cycle engine.  For this discussion we are 

Figure: 1   Cylinder Pressure (Normal Combustion)



primarily interested in the area from com-
pression through the power stroke  off-
set in green. By focusing solely on this 
segment, we can also include the two-
stroke engine in the discussion.

In an ideal world this combus-
tion cycle would be rather simple. But 

in reality there is a whole host of other 
phenomenon occurring simultaneously 

during this process. Sound waves and in-
frared light waves, all traveling faster than 
the flame front can have a significant impact 
on the combustion process.  (This is where 
it’s really easy to get off into the weeds, 
so let’s keep it simple.)  As the flame front 

propagates from its original point 
of ignition, the pressures build 
throughout the entire combustion 
chamber. Affecting not only the 
pressure and temperature at the 

flame front, but also at the unburned fuel 
not yet reached by the flame front. These 
are typically referred to as “end gases”. If 

the temperatures and pressures reach a critical point, these “end gases” can auto-ig-
nite. (Figure: 2) Unlike the relatively slow burn of the flame front, these spontaneously 
combusting pockets of end gases could be visualized as localized “explosions” for 
the lack of a better description. If auto-ignition of the end gases occurs,  we can see 
a dramatic increase in pressure within the cylinder from  a combination both the nor-
mal flame front and the unwanted end gas “explosions”.  These end gas explosions in 
turn create greater temperatures and pressures propagating more end gas combus-
tion resulting in a sawtooth pattern of pressure oscillations. (Figure: 3) In a car you 
may be familiar with this phenomenon commonly identified as “knocking” or “pinging”. 
These end gas explosions are by definition “detonation”.  Rather than providing the 
normal smooth push on the piston of a normal combustion cycle, with detonation, the 
majority of the energy is converted to heat and pressure at or near top dead center 
and long before the piston, connecting rod, and crankshaft are in a position to convert 
that pressure into torque.  Contrary to the analogy of the smooth push on the piston, 
what we would end up with is a sudden and sharp impact. The fuel air mixture still 
provides the same amount of potential energy or BTUs (British thermal units), how-
ever, in the case of detonation, that force gets directed into engine components over 
a very short time interval in the form of extremely high temperatures and pressures 
leading to damage or destruction of the engine. 

So far we’ve been talking about detonation in the extreme. But in reality,  deto-
nation can occur at many different levels. Now that we understand that detonation 

Figure: 2   End Gas Auto-ignition



is simply the spontaneous combustion of the end gases,  you can visualize a case 
where the normal flame front has consumed all but the very last remnants of end gas-
es before auto-ignition begins. In this case, the amount of fuel air mixture remaining 
to auto-ignite is so small  that the amount of detonation would raise the temperatures 
and pressures only slightly. 

All fuels are subject to detonation. All that is required is to raise the temperature to 
the point of auto-ignition. Different fuels have different auto-ignition points. And in par-
ticular, gasoline has different auto-ignition temperatures  primarily controlled by the 
octane rating of the fuel. The higher the octane rating, the higher temperature neces-
sary to cause auto-ignition. And since pressure is directly related to temperature, hav-
ing a higher compression ratio engine will drive the combustion chamber tempera-
tures higher. This is the reason that a Rotax 912UL (80 hp) with a  compression ratio 
9.0:1  can use “regular” 90 RON (research octane number) gasoline, while the Rotax 
912ULS (100 hp) with a compression ratio of 10.8:1 is required to use “premium” 95 
RON gasoline, or 91 AKI (Antiknock index) as you would buy it at the pump. And if 
compression ratio is that significant you can get an idea for the necessity for high-oc-
tane aviation fuels when we start using engines with turbochargers or superchargers. 
By “jamming” more fuel and air into the engine we can get more horsepower. 
However, with these increased pres- sures and as a result, temperatures, 
comes the necessity for higher octane aviation fuels. Many different chemical 

Figure: 3   Detonation



compounds have been tested, and used over the years, trying to find the best solu-
tion for suppressing detonation. Tetra ethyl lead  soon won the day and became the 
standard compound used in both aviation and automotive fuel to suppress detona-
tion. Tetra ethyl lead is still used today in aviation fuel. But by the 1970s the petro-
leum industry started the process of eliminating the tetra ethyl lead in automotive fuel 
due to environmental concerns and gas companies now control detonation properties 
with the whole host of other chemical compounds.

We have identified normal combustion and detonation, but we have yet to discuss 
pre-ignition. (Figure: 4) Pre-ignition is often used in casual conversation in place of 
or in conjunction with detonation. And, although, there is a significant overlap, let’s 
put some definitions on the table. By definition, pre-ignition is a situation in which the 
fuel-air mixture in a spark ignition engine ignites before the timed spark. Typically, 
because of contact with a hot surface. This is different than detonation in that deto-
nation is the spontaneous combustion of the end gases. However, with pre-ignition, 
once the fuel has been ignited, it will propagate a flame front similar to that under the 
normal combustion process. The problem, however, is this flame front propagation is 
occurring well before top dead center causing a dramatic rise in cylinder pressures 
which inevitably lead to detonation. And because these pressure increases occur 
even closer to top dead center than with detonation, pre-ignition has the potential to 

Figure: 4   Pre-Ignition



do even greater damage to the engine. Also, detonation, even light to moderate deto-
nation increases cylinder and piston temperatures creating the potential for a hot spot 
which will once again lead to pre-ignition, which in turn leads to more detonation, and 
so on. So you can see the tendency for the two terms to become intermingled.

We have now laid the foundation which will give us the ability to discuss in more 
practical terms some of the concepts, problems, and solutions surrounding deto-
nation and pre-ignition in light sport and ultralight engines. We have just begun to 
scratch the surface of this topic. And In our next article, we will take an even deeper 
dive into the nuances of detonation providing you some tools for inspecting, trouble-
shooting, and avoiding detonation and pre-ignition on your aircraft.


